I present an overview of the origins and the history of the CNMMN, the naming of mineral species and the IMA system of numbering those new species. Where published, the equivalence between an IMA number and a name or composition is provided. I discuss the manner in which these IMA numbers came to be published, as they were originally confidential, and many still are. I highlight the role of various individuals in creating the system for naming mineral species as it exists today.
INTRODUCTION
Minerals have been given names since the beginning of recorded history. Only in the last half century has there been a concerted effort on an international basis to regulate the nomenclature of minerals. It has now become an established procedure in any description of a new mineral species to submit a complete proposal to the Commission on New Minerals and Mineral Names (CNMMN) of the International Mineralogical Association (IMA). Only once approval is granted can the paper describing the new species be published. At that point, authors are asked to make mention that approval of the mineral and the new name has been granted. In this article, I deal with the historical development of this process, and how it has evolved since the founding of the IMA. I also deal with the "IMA number", what this number entails and how it came to be. I have adopted the practice of Michael Fleischer, Max Hey and François Permingeat of writing approved names in bold and a practice common in Europe of capitalizing mineral names to make them more apparent and to visually distinguish them from names not approved by the CNMMN. Where a name of a mineral species is not IMA-approved, the name is shown in quotation marks in this paper.
HISTORICAL ASPECTS
The International Mineralogical Association was founded by a group of mineralogists from around the world at a meeting in Madrid in 1958. The CNMMN, one of the original eight commissions, was founded in 1959. It is probably the most recognizable of the com-missions to both amateur and professional mineralogists, as it deals with the approval and naming of mineral species and has final jurisdiction on the nomenclature of all minerals, as defined by the CNMMN. The founding of the CNMMN marked a turning point in the history of mineral nomenclature. Up until that time, the naming of minerals had been a haphazard and inexact aspect of our science at best. This new commission had at the heart of its mandate to put order into many centuries of conflicting and divergent methods of giving names to naturally occurring chemical substances. There clearly had been less-than-adequate agreement on what constituted a mineral at that time, and of course in preceding years. In fact, many mixtures of minerals and most biogenic substances, such as amber or coal, were included in early treatises on minerals. Note that the definition of what constitutes a mineral has changed over the years. The currently accepted definition was published by Nickel (1995) .
Before the founding of the IMA and its various commissions, the naming of a mineral typically was done by the person (not necessarily a scientist) who found the material, unfettered by any proscribed set of rules. The descriptions varied greatly according to the skill of the discoverer first describing the mineral, the political climate, the place of residence, language, and the ability to obtain and exchange information on the newly found minerals. The literature is full of procedural models with respect to nomenclature and an enormous number of superfluous, erroneous or fanciful names.
One of the earliest models for a system of the nomenclature of minerals was proposed in the 18 th century by Carl von Linné, who tried to apply a system of two Latin words, as had been developed for fossils and all living things. This system was used for a time but fell out of use for minerals. It is still the system of classification in use for fossils and biological taxonomy.
A more recent attempt to develop a universal system for the naming of minerals is that of Povarennykh (1972) . The model he proposed to the mineralogical community in his book Crystal Chemical Classification of Minerals would maintain a one-word name with "ite" as a suffix, but the name itself would reflect the chemical composition and crystallography of the mineral. In his system, which was not formally presented to nor adopted by the CNMMN, Povarennykh even proposed the renaming of all known minerals as well as a chemical redefinition of many of them.
Before the CNMMN
A significant event occurred on a national level in the United States, in December of 1920, at the first annual meeting of the Mineralogical Society of America (MSA). A "Committee on Nomenclature and Classification of Minerals" (CNCM) was struck in order to bring some order to the naming of mineral species. This committee submitted its preliminary report in 1921 and published its first full report in December 1922 (Foshag et al. 1923 ). The issues being discussed then by the committee members represent the first attempts to bring a logical and ordered procedure to the naming of minerals, albeit at a national level.
At a meeting of the British Association for the Advancement of Science, held in Toronto on August 8, 1924, Leonard J. Spencer of the British Museum (Natural History) presented a paper outlining the need for an "international committee (...) in order to arrive at the best names and terms for international use." He added, "science is world-wide, and its language should, as far as possible, be adapted to meet international needs", in order to avoid confusion. In his notes, Spencer indicated that he discussed the advantages of his ideas with "several American mineralogists" in Washington (Spencer 1925) .
The second CNCM report was published in 1936 (Kerr 1936) following its presentation at the 16 th meeting of the MSA, a full thirteen years after the first report. Kerr's report is of interest because committee members discussed concrete efforts to come to some international agreement. Three meetings of the CNCM had been held: the first in Toronto (1930) , and the second and third in Washington in 1933 and 1935, respectively. A key player was L.J. Spencer who tried, together with other members of the Mineralogical Society of Great Britain and Ireland and his counterparts at the MSA, to achieve agreement of "English-speaking peoples" on mineral nomenclature.
Although not totally successful, the committee did report that some joint agreement among the Americans, British and Canadians did emerge. Note that as the Mineralogical Association of Canada was founded in 1955, Canadian mineralogists could either join the Mineralogical Society of America or be elected to membership in the Mineralogical Society (UK). At the first meeting in Toronto, it was agreed that no recommendation would be made unless the committee approved it unanimously, that any changes should be simple and clear, and that well-established practice should not be changed. Spencer stated, "It is not the slightest use to propose any drastic changes." The desire for international cooperation with a conservative approach has continued to this day. In fact, the mineral names approved in that report of mineral species (Kerr 1936) , with only minor exceptions, have become part of accepted nomenclature.
One sees in these reports the beginnings of what would one day become the CNMMN. It did not take long, in fact, before it became clear that the proposed changes were insufficient. The idea for the creation of the CNMMN had been launched, but it would only come to fruition many years later, after the end of World War II.
In the 1950s, the turning point was at hand. Max Hey, of the British Museum (Natural History), published his seminal work An Index of Mineral Species and Varieties Arranged Chemically (1955) . This book (also known as "Hey's Index") helped put order to the myriad of names that the CNMMN would inherit at its birth by the end of the very same decade.
Spencer, in many ways the spiritual father of the CNMMN, lived long enough to witness the creation of the IMA and the CNMMN; he died in April of 1959, shortly after the Commission's first meeting. His legacy was comprised of countless mineral abstracts, and lists on new minerals and mineral names (Nos. 1-21) published by the Mineralogical Society (UK).
After the creation of the CNMMN
Initial reports of the CNMMN followed a form similar to that of the first report of the American CNCM mentioned above. The main differences were that the names of countries represented by voting members and the number of votes for and against new mineral names were recorded. Unfortunately, the names of the voting representatives were not recorded for posterity.
The first report of the CNMMN was made at the second general meeting of the IMA in Copenhagen in 1960. In all, representatives from six countries (Bulgaria, Canada, France, Japan, the United Kingdom and the United States) voted on the new minerals named in the list. Interestingly, half of the voting members came from countries that were also involved in Spencer's original effort to get such a committee formed. In these days, votes were cast in person at the IMA meeting, not by mail or by e-mail as is done now. Presumably the voting was accompanied by an airing of contentious issues in a way that is not possible today.
The first Chairman of the CNMMN was Michael Fleischer (United States), the first Vice-chairman of the Commission was Max Hey (United Kingdom), and the first Secretary was François Permingeat (France). All played key roles in the founding of the IMA. By the time the second list was voted on, Germany, India and Italy had joined the other voting members on the committee. It was not until 1972 that the Soviet Union, a founding member of the IMA, had a voting representative on the CNMMN (although it had already established a national commission).
From the beginning of the CNMMN, the IMA published lists of new minerals. The lists prepared by François Permingeat are the most complete and contain the only public record to date of votes cast in favor or against proposals for new mineral species. Permingeat also included information on minerals that was published before they received CNMMN approval, and votes on discreditations. As well, his lists include the number of abstentions and, in earlier reports, the date the lists were prepared and the site of CNMMN meetings at which the votes took place.
During the first years, the role of the CNMMN in the naming of minerals was somewhat secondary, as most authors did not submit themselves to the IMA's authority. Of the new minerals approved by the Commission on the third list, in 1961 (Table 1) , none had been approved by the CNMMN before publication. In the 1966 list, 26 new mineral names were approved by the CNMMN before publication, but an additional ten were approved only after the name had been published. Still another 27 names that were already in the published record were rejected by the CNMMN! These statistics show that the CNMMN still had some way yet to go to fulfill its mandate. That said, some of the minerals that were rejected were eventually identified as distinct species. On the 1966 list, Perryite was eventually accepted, and "Orthorhombic lavenite" was eventually described as Burpalite, for example.
The situation continued to improve so that when the 1972 list was published in 1974, the name of only one of the 38 new minerals had appeared in the literature before being approved by the CNMMN. The last list (1979) was published by the CNMMN in 1982. After that, the lists of new mineral species were published in the literature with a comment indicating that they had been approved by the CNMMN prior to publication.
Following the publication of the last CNMMN list in 1982 until 1991, the IMA did not publish any further reports with respect to new mineral species. If one wanted information on new species, one had to rely on individual descriptions of such species in the literature or on the lists of new mineral species published periodically in the Mineralogical Magazine. Whereas such compilations were published in other journals, the Commission specifically used those lists published in the Mineralogical Magazine from the very beginning, starting in 1961 with list No. 22 (when Hey, then the CNMMN Vice-chairman, took over the preparation of the lists from Spencer), for disclosure of details other than the name. In these lists, the names of recognized species are in bold, but there is no information with respect to the outcome of the voting. During this period, lists No. 32 (1982 ) through No. 36 (1990 were published in the Mineralogical Magazine, and span the editorships of Max Hey and A.M. Clark.
Grandfather clause
The CNMMN continued the effort of the CNCM of "grandfathering" minerals that were well established in the literature. The "grandfather" clause was a practice by which names created before the establishment of a duly constituted nomenclature body could be adopted into officially recognized body of mineral names without having to go through the same procedures required for new names. It is interesting to note that there was significant division in the early debates within the CNCM. In its first report, 38 minerals were "grandfathered" including "water" and Ice. As well, the majority of the committee members wanted to standardize the names of minerals from Dana's System by adding "ite". None of the names from the standardized list have been adopted by the CNMMN, whereas all the Dana names have been subsequently "grandfathered" without alteration (Foshag et al. 1923) .
Minerals to which the "grandfather" clause was to be applied were those minerals that were already well described and generally accepted. They were not resubmitted for approval and consequently did not receive an IMA number. Minerals that could not be properly discredited (where, for example, type material could not be located) were also subject to a "grandfather" clause. As a result, some minerals of dubious validity still enjoy recognized status.
Important to this effort to "grandfather" mineral names was the publication of Michael Fleischer' Fleischer incorporated and presented decisions on the approval of new species and the discreditation and rejection of mineral names by the CNMMN. As Commission chairman, Fleischer contributed to many of the procedures related to mineral nomenclature put forward by the Commission.
In the introduction to the 1966 index, Fleischer referred to the early joint efforts of the American CNCM and of the Mineralogical Society (UK), to reach international agreement on mineralogical nomenclature. He gave credit to the pioneering work of the joint committee and noted that it led directly to the CNMMN. One practice he introduced in the 1966 index was the writing of valid mineral species in bold type, and all other names in regular type. This practice helped to distinguish which names had in fact been "grandfathered".
RECENT HISTORY
Since the creation of the CNMMN, nomenclature itself has continued to evolve as technological advances allowed scientists to make more accurate studies of minerals and mineral groups. Old mineral names have in some instances been discredited as names of individual species, e.g. "Biotite", "Hornblende", and some are in fact revalidated, e.g., Aerinite, Pseudorutile (Nickel & Grice 1998) .
New understanding of the chemical makeup of minerals at the atomic level has led to the use of modifiers, in some cases causing names to be changed. In particular, the Levinson modifier, proposed by Alfred Levinson in 1966 and approved by the IMA in 1971, became part of current usage after Michael Fleischer integrated it into his Glossary of Mineral Species in 1986. The Levinson modifier was originally meant to apply to rare-earth elements and was added to the name with a hyphen and enclosed in parentheses, e.g., Aeschynite-(Y), Allanite-(Ce). Since then the rule has been expanded to include other elements as modifiers, again with a hyphen, no commas but with or without parentheses, e.g., Jahnsite-(CaMnMn), Chabazite-Sr, Labuntsovite-Mn. This rule has increased in importance as whole groups of minerals have been recently re-examined and renamed in some cases, e.g., the Zeolite group, the Labuntsovite group.
The paper by Max Hey and Glauco Gottardi in 1980 set down the CNMMN's position with respect to other modifiers such as prefixes, suffixes and adjectival modifiers. Their article greatly restricted the use of these modifiers, but is not as stringently adhered to in the literature as it should be. In fact, the incorrect use of modifiers is one of the largest sources of objectionable mineral names entering the literature. A good example of the problem is the use of chemical modifiers with proper mineral names. The author of a recent paper cited "Zn-spinel" in the title and text, also called it "zincian spinel" in the text (Chattopadhyay 1999) . The adjoining chemical formula, (Zn,Fe,Mg)Al 2 O 4 (clearly not Spinel), showed that if the CNMMN rules had been properly adhered to, the first term should not have been used; the mineral should have been referred to as "ferroan magnesian Gahnite". Although Gahnite is a zinc-dominant member of the spinel group, to call it "zincian spinel" in a paper in a mineralogical journal is imprecise and misleading.
It is now rare (but not unheard of) that a new mineral name makes it into the literature without following CNMMN procedures. Where it does occur, authors can expect to be "rapped on the knuckles" by the international mineralogical community.
EVOLUTION TOWARD THE PRESENT PROCEDURE
When the IMA met in Copenhagen in 1960, the Council of the IMA entrusted the Commission on New Minerals and Mineral Names with three tasks. These have been the guiding principles in dealing with nomenclature issues ever since. They are: 1) Review all proposed changes in nomenclature (new names, discreditations, and changes in definitions) before publication if possible in order to avoid the publication of non-valid or undesirable names, 2) prepare an annual list of changes in nomenclature, vote on them, and publish the lists with indications of the commission's approval or disapproval, and 3) endeavor to attain international uniformity in nomenclature as far as may be practicable (Anonymous 1962a) .
Although the CNMMN did publish a list of desired data and essential minimum data required for the acceptance of a new mineral in 1961 (Permingeat 1961) , the first outline of a procedure for the naming of new mineral species published by the IMA, a one-page list of six points, was prepared by Michael Fleischer in 1970. Before this paper was published, the procedure for the preparation of proposals was given orally at IMA meetings, and for the first time at the first meeting of the CNMMN in 1960. The first rules and procedures of the Commission were established at that meeting (Dunn & Mandarino 1988 ). The 1976 procedure put an end to the publication of mineral names that were submitted to the CNMMN and subsequently disapproved. It also allowed for the referral of opaque minerals to the Commission on Ore Minerals for comments.
The 1984 Rules of procedure of the Commission on New Minerals and Mineral Names (Mandarino et al. 1984) were an update to the 1970 procedure. The number of points doubled to twelve in total. The collection of papers relating to nomenclature issues that had been published before 1987 were condensed into the Procedures involving the IMA Commission on New Minerals and Mineral Names and guidelines on mineral nomenclature published in various journals in 1987 by Nickel and Mandarino. In particular, their account draws from the guidelines in the naming of minerals by Schaller (1930) , Levinson (1966) , Donnay & Fleischer (1970) , Bailey (1978) , Hey & Gottardi (1980) , Bailey et al. (1981) and Guinier et al. (1984) . The 1987 Procedure superseded the 1984 paper and incorporated new decisions of the CNMMN in the years since Fleischer's 1970 paper. It is far more comprehensive and gives guidelines on the proper naming of minerals in greater detail.
In time for the IMA meeting in Toronto in 1998, exactly 74 years after Spencer put forward the idea of an international body to standardize the naming of minerals in the same city, Nickel & Grice (1998) published the Procedure and Guidelines on Mineral Nomenclature. This document superseded the report of Nickel & Mandarino (1987) and took into consideration changes in the intervening years, such as the new definition of a mineral (Nickel 1995) . At the same meeting, the host organization, the Mineralogical Association of Canada (MAC), distributed a compendium of all the major IMA papers related to the naming of minerals (Martin 1998) . In its aim of promoting IMA-recognized nomenclature, the MAC had already published one book containing all IMA-recognized names, the Encyclopedia of Mineral Names and was preparing the publication of a second book, The Glossary of Mineral Synonyms, complementary to the first in providing for all unrecognized names their IMA-recognized equivalent.
The present procedures, as outlined by Nickel & Grice (1998) , cover the various types of chemical substances that can be found in nature (with or without the influence of man), including minerals as defined by the CNMMN, biogenic compounds, anthropogenic and technogenic compounds, amorphous materials, polymorphs, polytypes and interstratifications. It lays out the requirements for approval once a submission is made to the CNMMN. The submission goes to the CNMMN, and normally, representatives have 60 days to vote on the proposal, each of which is given its own IMA number upon receipt. As well, procedures are included for the redefinition, discreditation or the revalidation of previously discredited minerals. On occasion, depending on the nature of the mineral, the approval process may take much longer. Guidelines for the choosing of a mineral name are given. They state that the choice of a name is largely the responsibility of the author. A name previously used in the literature may not have been in common usage for at least 50 years. Once a mineral is approved, the author is given two years to publish the new name and description of the new species.
At present, there are ten approved minerals that have not been described in a publication within the two-year time limit (Table 2 ). In fact, most are over three years, the longest being 10 years! The authors of the 1998 IMA procedure clearly state that descriptions "not published within that time (...) are no longer considered as approved." Proposals can remain approved if the Chairman of the CNMMN grants an extension. Although no exact numbers have been calculated of the number of authors that have not respected the two-year time line, only a relatively small number of authors go over the time limit. As the IMA does not publish how many have not respected the time limit and have not been granted an extension, the exact number of "delinquent" mineral species, let alone who the authors are, will probably never be known. In the same way that minerals approved by the CNMMN are published with an IMA number, those authors that have broken the rule on publication and the minerals that have thereby lost their approved status should also be published with the IMA number so that any other mineralogists wishing to make a description of the mineral from a different find would not be blocked from doing so.
THE IMA NUMBERS
IMA numbers started to be given to new mineral submissions in 1962 when the CNMMN was under the chairmanship of the late Michael Fleischer (E.H. Nickel, pers. commun., 2002) . As a general rule, IMA numbers originally were not meant to appear in publications and were purely administrative in nature. These numbers were not published until Joseph A. Mandarino, Chairman of the CNMMN from 1983 through 1994, started to make them public for the first time in 1991 in the Mineralogical Magazine. It was decided that it would be helpful to people working on new species to know if the species of interest had already gone through the CNMMN of the IMA. However, the Commission did not feel that it could release the names of the approved species before the descriptions had been published (J.A. Mandarino, pers. commun., 2002) . The Commission had hoped that "the major mineralogical journals" would publish the lists "on a quarterly or semi-annual basis." However, they have been published annually ever since, and it is unlikely that this practice will change (Table 3) .
Since the first published list of IMA numbers in 1991, the IMA submission numbers that have appeared in the literature are for approved minerals only. The earliest number that has made it into the literature dates from 1978. Consequently, the list compiled in Table 3 contains only the numbers that have appeared publicly with their subsequent official mineral name. Table 4 contains the chemical formula for those cases where a name has not yet been published within the stipulated two-year time limit.
The number itself consists of two parts. The first part represents the year in which the submission was received, not the year the mineral was approved. The second part is attributed according to the order in which the submission was received. This system explains numerical gaps in the list; not all submissions are approved. Since "Y2K", the first part of the number has been expanded to four digits from the original two. As a result, some of the numbers published before the year 2000 can be found in the literature in both five and seven digit formats.
It should be noted that modifications to mineral nomenclature, such as discreditations and revalidations, employ a different numbering system. These numbers have generally not been published in the open literature (E.H. Nickel, pers. commun., 2002) . Redefinitions that result in a new mineral name also bear a distinctive IMA number. These consist of the year in which the submission was made followed by a hyphen and a capital letter. So far, the only published examples of this type of number are for Paralabuntsovite-Mg, Orthojoaquinite-(La) and Hellandite-(Ce), i.e., 2000 -A, 2000 -D, 2000 -F (Chukanov et al. 2002 , Matsubara et al. 2001 , Oberti et al. 2002 . A lower-case 'a' following the number (e.g., 93-027a) indicates that the proposal for the new mineral species was resubmitted to the Commission before being finally published (G. Ferraris, pers. commun., 2002) .
List of published IMA numbers
As some mineralogists follow very closely minerals initially published under an IMA number only, and as some of the information issued by the CNMMN can be somewhat different when the complete mineral description is finally published, it is my view that it is useful for the authors of the description to make mention of the IMA number so that interested mineralogists can make a cross-reference of the published information. Some minerals are preliminarily described as unknowns with a reference to an IMA number (de Fourestier 1999) . Some Web sites contain lists of published IMA numbers with the accordant mineral name, e.g., Mineralogy Database by David Barthelmy (http://webmineral.com), but these lists are incomplete and contain errors.
The CNMMN itself at present does not publish the accepted names with the concordant IMA number. Consequently, Table 3 provides a correlation between the original anonymous preliminary description, published in the IMA-CNMMN lists from 1991 to present, and the subsequent full published descriptions, which can be accessed by the name of the new mineral species listed next to the number. Other IMA numbers, published Joseph A. Mandarino, also are included, so that the list contains mineral species already described in the literature ( Table 3 ) and those that will be described within the regulation two-year delay after approval (Table 4) . These tables provide a complete and compre- (Mandarino 1997 (Mandarino , 2001 ). Furthermore, the basic information provided in the lists published by the CNMMN is not always the same as that in the full published descriptions. I believe that all new descriptions in the literature should include the respective IMA number so that interested parties can compare the announcements of new mineral species with what is eventually published about them. In at least one instance, a mineral was announced as approved in the IMA-CNMMN lists only to be withdrawn. Without the list published here, the public record would be incomplete in this regard. I emphasize that the list published here contains only IMA numbers that have been published, to which the general public has access, and not all minerals approved by the CNMMN.
